Objective-To examine the influence of a seven day diet manipulation on performance during a 10 km treadmill time trial in trained runners. Methods-Six trained runners ran two 10 km time trials on a treadmill set at a constant 4% gradient, each after a 7 d period of dietary manipulation. The two experimental diets were a low carbohydrate (CHO) diet (40% CHO by total energy) to be consumed for 7 d, and a high CHO diet containing 55% CHO for the first 4 widespread use of pre-race CHO depletion/ loading regimens among endurance athletes. However, in a later study involving well trained individuals, Sherman et at showed that, for individuals engaged in a daily programme of endurance training, the traditional CHO loading regimen did not cause muscle glycogen levels to be higher than did a more moderate programme involving a 50% CHO diet consumed for the first three days, followed by a high (70%) CHO diet consumed for the last three days before exercise. Similarly, Blom et at showed that it was possible for trained runners, performing regular training followed by two days with little or no running and a moderate CHO diet (400 g d-'), to obtain muscle glycogen concentrations as high as those reported following the traditional CHO depletion/loading regimen.
The studies of Christensen and Hansen in the 1930s clearly showed the importance of carbohydrate (CHO) availability during exercise. This work was later expanded with the use of the percutaneous muscle biopsy technique to examine skeletal muscle glycogen metabolism during exercise in humans.'2 The ability to exercise for about 30 to 200 minutes seems to be limited mainly by the amount of glycogen stored in the working muscles before exercise.1-5 High muscle glycogen stores have been shown to occur if muscles are depleted of their glycogen by prolonged exercise followed by a period of rest during which a high CHO diet is consumed.'67 Such studies led to the widespread use of pre-race CHO depletion/ loading regimens among endurance athletes. However, in a later study involving well trained individuals, Sherman et at showed that, for individuals engaged in a daily programme of endurance training, the traditional CHO loading regimen did not cause muscle glycogen levels to be higher than did a more moderate programme involving a 50% CHO diet consumed for the first three days, followed by a high (70%) CHO diet consumed for the last three days before exercise. Similarly, Blom et at showed that it was possible for trained runners, performing regular training followed by two days with little or no running and a moderate CHO diet (400 g d-'), to obtain muscle glycogen concentrations as high as those reported following the traditional CHO depletion/loading regimen.
While the early studies showed the importance of muscle glycogen in improving exercise capacity (time to fatigue at a fixed intensity), more attention is now directed towards the improvement of exercise performance (time to complete a set distance) by altering muscle glycogen concentration. However, only a limited number of studies have looked at the effects of altering muscle glycogen levels on running performance. In one of the earlier studies, Karlsson and Saltin'°showed that performance during a 30 km cross country race was improved following a CHO loading regimen. In that study, there was a considerable reduction in running speed in the later stages of the race when muscle glycogen approached low levels. Similarly, Williams et al" found that subjects ran faster during the last 5 km of a 30 km treadmill time trial after a seven day CHO supplemented diet compared to a normal mixed diet and concluded that extra dietary CHO improves running performance. On the other hand, over a shorter distance of 20.9 km, there was no improvement in running performance when subjects increased their muscle glycogen levels.8 These investigators concluded that increasing the muscle glycogen content above a certain value was not effective in improving performance.
The importance of increased pre-exercise muscle glycogen levels in improving performance during exercise lasting less than one hour has been questioned but has received little attention. The purpose of this study was to examine the influence of a seven day diet manipulation on performance during a 10 km treadmill time trial in trained runners. Heart rate was monitored at rest, at 0.5 km and at every km thereafter using a heart rate monitor (Polar PE 3000 Sport Tester). Room temperature was maintained between 220C and 240C.
BLOOD TREATMENT AND ANALYSIS Blood (5 ml) was drawn into dry syringes and was dispensed equally into two tubes containing K3EDTA. Duplicate aliquots (100 jl) from one of the K3EDTA tubes were rapidly deproteinised in 1 ml of ice cold 0.3 mol litre-' perchloric acid; following centrifugation, the supernatant was used for the measurement of glycerol' and glucose and lactate according to Maughan.'5 A further aliquot of anticoagulated blood was centrifuged and the plasma obtained was separated and used for the measurement of free fatty acids (FFA) (colorimetric method, Boehringer Mannheim). The remainder of the blood was used for the measurement of haemoglobin (cyanmethaemoglobin method, Sigma) and packed cell volume (PCV, conventional microhaematocrit method). Changes in plasma volume were calculated from changes in haemoglobin and PCV relative to the pre-exercise values as described by Dill and Costill.16 DATA ANALYSIS Statistical analysis of the data was carried out using two factor analysis of variance (ANovA) for repeated measures followed by Student' s t test for paired data, where necessary. All data are expressed as the mean(SD). Statistical significance was declared at P<0.05. conditions despite the tendency (P<0. 10) for the rate of fat oxidation to be lower during the high CHO trial (fig 3) . At no time point during the entire run did the pre-exercise diet affect heart rate (fig 2) or V02-The habitual energy intake of the subjects was 13.7(3.2) MJ, of which 52(6)% of energy intake was in the form of CHO ( Although muscle glycogen content was not determined in this study, the higher rate of CHO oxidation found during the high CHO trial suggests that the increased CHO intake had increased muscle glycogen. The mean total amount of CHO oxidised during the two performance trials was 171 g and 131 g for the high and low CHO trials, respectively. However, since no difference in performance was found between conditions, this higher rate of CHO oxidation on the high CHO trial would suggest that CHO availability was not limiting running performance in this study. This finding is consistent with the study by Sherman et al,8 who found a greater CHO utilisation but no improvements in running performance. Similarly, in the study by Williams et al," 33 g more CHO was utilised during a 30 km treadmill time trial following a seven day high CHO diet than with a control diet, but no improvement in overall running performance was found.
It is well established that feeding diets very high in CHO (>60%) will result in higher blood lactate levels compared to diets very low (<12%) in CHO.' [22] [23] [24] [25] [26] [27] This effect of diet on blood lactate may be the result of increased glycogen levels, as Richter and Galbo28 have shown that increased concentrations of glycogen in isolated muscle led to an increased breakdown of glycogen and release of lactate during muscle contraction. This effect of diet on blood lactate concentration has also been attributed to changes in acid-base status,29 probably as a direct consequence of variations in protein intake.'0 In the present study, although blood lactate concentration following the high CHO diet tended to be higher than on the low CHO diet, this difference was not statistically different. This lack of effect of diet on blood lactate is probably the result of the moderate nature of the current diet manipulation, even though the rate of CHO utilisation was increased following the high CHO diet. During 25 minutes of exercise at 65-70% VO2max following extreme dietary conditions (5% and 75% CHO diets), Jansson"2 showed that R agreed closely with the respiratory quotient measured directly across the working muscles, therefore allowing CHO utilisation in skeletal muscle to be determined using R even under conditions of altered blood lactate. Using the same protocol, Jansson and Kaijser-" also found a higher R and therefore greater CHO utilisation associated with a greater muscle lactate accumulation and release following the 75% CHO diet compared to the 5% CHO diet. These workers attributed the greater lactate concentrations found during this condition to a higher rate of muscle glycogenolysis. Hultman intensity treadmill running protocol used in the present study following both a high and low CHO diet. While no difference in plasma FFA concentration was found between conditions, a reduction in FFA concentration was found at the end of the run following the low CHO diet: no difference was found following the high CHO diet. This observation would suggest that during the run following the high CHO diet the mobilisation and transport of FFA into the blood was sufficient to supply a larger fraction of the total fuel than was actually used and that these processes were not limiting. On the other hand, the reduction in plasma FFA concentration observed during the low CHO trial would point towards an increase in energy contribution from plasma FFA in order to sustain the running speed set at the start. While the tendency was for the rate of fat oxidation to be higher during the low CHO trial, no statistical difference was found. It is not possible from the present results to determine whether the reduction in plasma FFA concentration found at the end of the run following the low CHO diet indicates that there was an increase in re-esterification of FFA during this trial. Differences in mobilisation of FFA during the two trials can, however, be excluded as FFA and glycerol concentrations did not vary between conditions.
The increase in blood glycerol at the end of both trials and the finding of similar concentrations between conditions is in agreement with the results reported in the previous performance study by Williams et al." However, only a threefold increase in plasma glycerol concentration was observed in the present study compared to almost a 10-fold increase in the study by Williams and co-workers. This difference is probably the result of the greater mobilisation of fat evident from the much higher plasma FFA concentrations reported by these investigators at the end of the 30 km treadmill time trials.
The fact that the subjects involved in this study were all endurance trained may have contributed to the lack of effect of diet on running performance. A major effect of endurance training is to increase the utilisation of fat while at the same time reducing the utilisation of CHO during submaximal exercise.37 The proportions of CHO and fat oxidised during exercise are also dependent on the availability of substrate. During the low CHO trial, therefore, the endurance trained status of these subjects may have allowed for a larger proportion of the energy required to maintain the subjects' maximum running pace to be provided by the oxidation of fat compared to the high CHO trial. Had we used untrained subjects in this study, their lower ability to utilise fat may have led to slower running times following the low CHO diet.
Weight loss during the performance trials was different. Subjects lost approximately 1.9% body weight on the high CHO diet and 2.2% body weight on the low CHO diet. Since subjects did not drink during the performance trials, and there was no difference in room temperature between conditions, this observa-tion would suggest that subjects sweated more on the low CHO diet compared to the high CHO diet. However, there seems to be no reasonable explanation for this finding, and as the differences in body weight are small they probably occurred by chance.
In summary, these results indicate that moderate changes in the composition of the diet do not affect 10 km running performance in endurance trained subjects. However, the higher rate of CHO oxidation found during the high CHO trial suggests that the increased CHO intake had increased muscle glycogen. However, since no difference in performance was found between conditions, this higher rate of CHO oxidation on the high CHO trial would suggest that CHO availability was not limiting running performance in this study.
